For multi-band or wideband operation for mobile handsets, many researchers have studied the shape of patch antenna by using standard U-slot in [1] , meandered-line or slit in [2] [3] [4] [5] [6] with/without substrate, and modified ground planes in [7] . It is well known that the multiband antenna shows narrow bandwidth with respect to return loss. To overcome this problem, the ground plane under the patch has been partially removed in this letter [4] , [5] . In addition to that, miniaturized multiband antenna is proposed and implemented by embedding two spiral slits optimally corresponding to the resonant frequencies with sufficient impedance bandwidth.
In Section II, antenna geometry is introduced and the general effect of ground plane on electric field and the estimation of resonant frequency will be discussed. In Section III, the simulation and measurement of the proposed antenna are carried out. Conclusion in Section IV describes a brief summary of this work.
II. ANTENNA GEOMETRY AND THE CALCULATION OF RESONANT FREQUENCY
In order to design the multiband antenna, two spiral slits are considered in this letter. By extending the length of current path corresponding to the resonant frequency, the compact and lowprofile antenna can be obtained with the help of the basic equations listed in (1) and (2) (1) (2) where is the speed of light in free space, and are the length and width of rectangular patch, respectively, and is the length of spiral patch for generating quarter-wavelength structure. For improving the narrow bandwidth of multiband antennas, the other side of the radiating patch on an FR4 substrate has been partially removed.
Consider the PIFA shown in Fig. 1 . The proposed antenna employs the FR4 substrate having permittivity 4.6 and substrate volume of to support microstrip feed in input port. The copper with antenna volume of is used for antenna radiating patch at the distance 3.5 mm floated from the substrate. As mentioned in Fig. 1(a) , the ground plane is partially removed for improving the bandwidth problem. For feeding structure, 50 -matched microstrip line is used. The extended part, folded on the upper edge of radiating patch (denoted by "A"), is needed to remove an intermediate frequency and to support the total antenna volume. A spiral slit consists of a long spiral slit for a lower resonant frequency (Cellular system) and a little shorter spiral slit for a higher resonant frequency (WiBro system), respectively, whereas resonant frequencies for DCS/PSC systems are generated from the total area of the proposed antenna. Fig. 2 plots the measured and simulated return loss as a function of frequency for the proposed antenna with a good agreement. Considering the reference of VSWR as 3:1, the obtained results from Fig. 2 indicate that the proposed antenna covers all the target frequencies for Cellular, DCS/PCS, and WiBro Systems. It is thought that the reason for the deviation of the resonant frequencies between results is due to the substrate loss and fine tuning of the fabricated antenna. The surface current distributions according to quad-band frequencies have been described in Fig. 3 by using a commercially available software. From the results in Fig. 3 , it is seen that the current path for a lower resonant frequency is longer than that for a higher resonant frequency. The calculation of resonant frequencies for Cellular and WiBro systems follows the (1), while the others follow the (2) . Figs. 4 , 5, and 6 show the measured radiation patterns and the simulated results for the three cutting planes. With an exception of a little deviation in a lower frequency in Fig. 4 , the comparison data show a good agreement between the measured and simulated results with omni-directional radiation in zx-plane and doughnut-like radiation in xy-and yz-planes.
III. EXPERIMENTAL RESULTS AND VERIFICATION

IV. CONCLUSION
A novel quad-band intenna (internal antenna) has been proposed with the help of spiral structures and rectangular radiator. Several resonant frequencies have been calculated by using the simple equations and the surface current distributions give an insight into a physical meaning of electrical performances of the proposed antenna. Finally, it is shown that the proposed antenna covers all the target frequencies in terms of return loss under the condition of . 
